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SUMMARY

An experimental investlgetion of a 62°-valve-overlap, 18-cylinder,
alr-cooled, radial engine modified with 400-valve-overlap cams was
made to determine the effect of a change in valve overlap on engine
pexrformance.

With these data and data on the unmodified 62°-valve-overlep
engine as a basls, computations were made to show the effect of
change in valve overlap on compound-engine performance.

At rated power, the reduction in wvalve overlap inveastigated
caused a reductlon of 6 percent in net thrust horsepower and a reduc-
tlon of 2 percent in net specific fuel consumption of the compound
engline at the englne exhaust pressure for maximum net power.

INTRODUCTION

The effect of ex.’na.ust Pressure on engine performance has been
investigated on two models of a standard 1l8~cylinder, air-cooled,
redial airoraft englne, one having 40° valve overlap and the other
62° valve overlap and increased cooling-fin area. The results of
these lnvestigations are reported in references 1l and 2, The per-
formance of compound power plants using these englnes was computed
and. the results reported in references 3 and 4. These power plants
congisted of a turbine and auxiliary supercharger mounted on a
coammon shaft and geared to the engine crankshaft.

The results of the investigation reported in reference 4 showed
that the compound power plant using the englne of reference 1l pro-
vided more power at a lower net brake specific fuel consumption at
crulse conditions (lean fuel-air ratlos) than the coampound power
plant using the engine of reference 2., The better performence of
the compound power plant using the engine of reference 1 was attri-
buted to its lower valve overlap (40°) as compared with the engine
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of reference 2, which had a valve overlap of 62°. The 62C-valve-
overlap engine had better coollng characteristices and a higher

power rating, however, than the 40°-valve-overlep engine. The better
cooling characteristice of the 62C-valve-overlap engine were the
result of the redeslgn of the cylinder fing and the largexr valve
overlap. In an attempt to combine the besat features of both engines,
the cams from the 40°-valve-overlap engine were installed in the
62°%-valve-overlap engine.

The results of an experimental investigation of the performance
of the 62°-valve-overlap engine fitted with 409-valve-overlap cams
are reported herein. Curves thaet show the effect of engine exheust
pressure on engine power, charge-air flow, volumetric efficlency,
and exhaust-gas temperature are included.: Curves for the 40°- and
620-valve-overlap engines are also presented to compare the perform-
ance of the three englnes and to compare the calculated performance
of the compound power plants.

APPARATUS

Thia investigation was conducted using the R-2800 (C series)
18~cylinder alr-cooled radial englne of reference 2 (designated
engine 2) equipped with the 40°-valve-overlap cams from the R-2800
(4 series) engine of reference 1 (designated engine 1). This modi-
fied engine 1s designated engine 3. BExcept for the installation of
the 409-valve-overlap cams this setup was exactly the same as that
reported in reference 2. o )

Some of the pertinent speciflcations for the three englnea
digcussed herein are: -

Engine 1 Engine 2 Engine 3
(&4 series) | (C series) | (modified
(refer- (refer- C series)
ence 1) ence 2)
Compression ratio 6,65 6.75 6.75
Blower gear ratlo ' 7.6:1 7.29:1 7.29:1
Impeller diameter, in, 11 11.5 11.5
Propeller reduction-gear ratio| 0,50:1 0.45:1 0,45:1-
Spark advance, deg B.T.C. 25 20 20
Valve overlap, deg : : 40 62 40
Valve timing, deg.
Intake opens, B.T.C. 20 36 20
Intake closes, A.B.C. 76 60 76
Exhaust opens, B.B.C. 76 70 76
Exhaust closes, A.T.C., 20 26 20
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METHODS
Procedure

For all the conditions of the investlgation of the 62°-valve-
overlap engine modified wilth 40°-vaelve-overlap cams (engine 3), the
prime variable was engine exhaust pressire. At each set of engine
operating conditions, the exhaust pressure wvas varied from about
8 inches of mercury absolute to about 20 inches of mercury above
inlet-manifold pressure. A list of operating conditions is pre-
gented in the following table:

Fuel-air |0,063| 0.069 | 0.085 { 0.100
ratio '
Engine Inlet-manifold pressure
speed (in. Hg absolute)
(xpm)
1600 40 |30, 34, 40, 45 P R
1800 40 40 40 40
2000 40 40 40 40
2200 40 40 25, 30, 40, 50 40
2400 40 40 40 40
2600  |--==- 40 40 30, 40, 45, 50
2800  |mmmemm|mmmmmeecccaaoo 40 |emmmmciaaoao

Camparison of Power Flants

The three engines discussed hereln are compared with each other
on a basis of the performance of the engine alone and of the perform-
ance of compound power plants using these englines. The engline data
for engline 3 (modified engine) are compared with the engine d.a.ta
from references 1 and 2 (englnes 1 and 2, respectively).

The compound powsr plents using these three englnes were com-
pared on a net-thrust-horsepower basgls in order to include the
effects of cooling drag end other factors affecting power-plant
performance,.  The net thrust horsepower includes the engline pro-
peller thrust horsepower (including the power of the turbine), the
exhaust Jet thrust, the cooling-air drag (or 'bhrust), and the drag
of plcking up the charge alr. Thus:

nthp = np [ehp + g (thp - ashp):l + Jhp - chp
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where

ashp auxiliary-stage supercharger horsepower s power required to
compress charge alr from altitude temperature and pressure
to carburetor top-deck pressure with duct loss allowance
using an efficlency of 80 percent

chp cooling-alr drag horsepower based on momentum change of cool-
' ing alr across engine cowl and assumling gverage cylinder-
head temperature of 450° F

ehp reclprocating-engine horsepower including power of engine-
stage superchexrger

Jhp exhaust Jet thrust horsepower including charge-air pickup
horsepower

nthp net thrust horsepower

thp turbine horsepower, power obtained from expanding engine
exhsust gas from engline exhaust pressure and temperature
to altitude pressure through turbine with asdlabatic effi-
clency of 80 percemt

gear efficiency, assumed to be 95 percent
ng 2

rrp propeller efficiency, assumed to be 85 percent

No dreg powers associlated with intercooler and oll-cooler
cooling-alr Tlows are included in the net power because calcula-
tions showed them to be negliglble. The net thrust specific fuel
consumption was calculated by dividing the fuel flow by the net
thrust horsepower.

RESULTS AND DISCUSSION

Basic Data for Engine 3 (Modified Engine)

The experimental datea and computatlons are presented in &
manner gimilar to that of references 1 and 2.

The effect of varying the ratlo of englne exhaust pressure to
inlet-manifold pressure pg /pm on brake horsepower, charge-alr

899
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flow, volumetric efficlency, ratlio of Indicated mean effective pres-
sure to inlet-menifold pressure 5{, mixture tempsrature minus
carburetor-air temperature T, - T,, and exhaust-gas temperature

for modified engine 3 is shown in figures 1 to 6, respectively. The
variation of the ratio of Inlet-menifcld pressure to full-open
throttle carburetor-inlet pressure pm/pc with engine speed 1s

ghown in figure 7 for a carburetor-air temperature of 550° R.

References 1 and 2 showed that ¢ and volumetric efficilency
when plotted against pg/p, sare independent of inlet-manifold
presgure, Therefore, most of the investlgation conducted on
engine 3 was at one inlet-menifold pressure. As shown in figures 3
and 4, this correlation was substantiated by a small amount of date
obtained at other lnlet-manifold pressures.

Comparison of Basic Data for Three Engines

Brake horsepower. - Comparison curves showing the effect of
Pe/Pm and engine speed on brake horsepower for the three engines

at an inlet-menifold pressure of 40 inches of mercury absolute and
a fuel-air ratlo of 0.085 are presented in figure 8, IEngine 3 pro-
vides slightly less power than engine 1 over the entlre range of

P /p regardless of the engine speed for the condition shown.

Engige 3 also provides less power than engline 2 at the lower values
of Pg /pm but provides more power than engine 2 above values of

Pe/Pm of ebout 1.1. As the engline speed 1s increased from 1600 to

2400 rpm, the differsences in engine power between engines 3 and 2
at the low values of Pe/Pm decrease but the dlfferences at the

high values of pe/pm increase. For other inlet-manifold pres-
sures and fuel-air ratios, the trends of power with Pg /pm are ‘the
same &8 shown in figure 8. '

Charge~air flow and volumetric efficiency. -~ The variation of
charge-alr flow and volumetric efficlency with Pe/Pm and engins
speed for the three engines 1s shown in figures 2 and 10, respec~’
tively. The curves in these two figures follow the same trends as
the breke~horsepower curves of figure 8. The unusually large
increase in charge-air flow with decreasing Pe/Pm at low speeds
and below & value of pe/pm of 0.5 for engine 1 4id not occur

with engine 3 in spite of the fact that both englnes have the same
velve overlap. .
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Indicated power. - The dimensionless quentity ¢ (ratio of
engine Indicated mean effective pressure to engine inlet-menifold
pressure) is used &s a measure of indicated power for any given
engine speed and inlet-manifold temperature (reference 5). The
variation of ¢ with ~Do/m, &nd engine speed is shown in figure 11,

The curves in this figure indicate the same trends as the curves of
brake horsepower in figure 8. .
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Exhaust-gas temperature, - The effect of p,/p, and engline
speed on exhaust-gas temperature for the three englnes at-an inlet-
menifold pressure of 40 inches of mercury absolute and a fuel-air
ratio of 0,085 is shown in figure 12, The exhaust-gas temperature
for engine 3 averages about 100° F lower than that for englne 2 and
50° F higher than that for engine 1 for the entire range of pe/pm

at an engine speed of 2400 rpm., A%t lower englne speeds, the exhaust-
gas temperatures of the three engines malintein the same relative
poslitions as at the engine speed of 2400 rpm except at high values
of pe/pm where the temperatures of engines 1 and_-3 colncide.

Comparison of Compound-Power-Plant
Performance of Three Engines

The calculated performence of compound power plants using the -
three engines is shown in figure 13 where the net thrust horsepower
and the net thrust specific fuel consumption are plotted against
pe/;pm for a flight velocity of 400 miles per hour and an altitude

of 30,000 feet. Figure 13(a) presents the performence of the three
power plants at an engine speed of 2200 rpm, a fuel-alr ratio of
0,063, and an inlet-manifold pressure of 40 inches of mercury abso-
lute, approximately crulse condltlons, At thilis power level, engine 1
glves a maximum value of 1468 thrust horsepower et a net thrust
specific fuel consumption of 0.392; engine 2 glves a maximum value

of 1420 thrust horsepower at a net thrust specific fuel consumption
of 0.425; and englne 3 gives a maximum value of 1330 thrust horse-
power at a net thrust specific fuel consumption of 0,408,

Bamed. on these values for the cruise condition, the compound
power plant using engine 3 gives about 9 percent less thrust horse-
power at about 4 percent higher net thrust specific fuel consumption
than that using engine 1 and about 6 percent less net thrust horse-
power at about—4 percent lower net thrust aspecific fuel consumption
than the compound power plant using engine 2,
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At approximately rated power (engine speed, 2600 rpm; fuel-air
ratio, 0,085; end inlet-manifold pressure, 50 in. Hg absoluts,
fig. 15(b)), the crulse-power trends of figure 13(a) are conelder-
ably changed. As shown in figure 13(b), the compound power plant
vsing engine 3 gives about 2 percent more net thrust horsepower &t
about 5 percent lower net thrust specific fuel consumption than
that using engine 1 and about 6 percent less net thrust horsepower
at about 2 percent lower net thrust specific fuel consumption than
the compound power plant using engine 2 at the values of pe/hm
for maximum power.

A breskdown of the components that make up the net thrust
horsepower is shown in the following table for a walus of Pe/ém
of 1.0:

Engine Tur%ine Auxiliary|Jet Cooling- Nét Net thruast
power |power super- power|alr drag|thrust|specific
Engine| (hp) | (bp) |charger |(hp) (hp) |power |fuel con-
power (hp) |sumption
(hp) (1b /np~hr)
Crulse power .
1 1306 578 143 32 51 1442 0.388
2 1095 595 143 33 -22 1350 411
3 1100 545 135 30 =7 1303 403
Rated power
1 1819 954 224 55 206 1984 0.537
2 1638 1034 230 60 =12 2113 507
3 1700 913 218 53 26 2035 .499

The table shows that changing the 62°-valve-overlap cams of
engine 2 to 40° (engine 3) increased the engine power and cooling-
air drag power and decreased the turblne power, auxiliary super-
charger power and Jet power for both crulse- and rated-power condi-
tione. The decrease in turbine power was the greatest component
power change and resulted in the lower net thrust power of compound
engine 3 as compared with that of campound engine 2. The net
thrust power of compound engine 1 was greater than that of either
engine 2 or 3 at cruise condition because of the higher engine
power. At the rated-power condition, the thrust power of compound
engine 1 was lower than that of elther englne 2 or 3 in spite of
the higher engine power because of the greater cooling-alr drag.
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SUMMARY OF RESULTS

A comparison of performance and calculated date obtained Ffrom
three 18-cylinder, air-cooled, radlal engines — engine 1 (40° valve
overlap), engine 2 (62° valve overlap with increased cooling~fin
ares) and engine 3 (englne 2 modified with 40C-valve-overlap cams),
ghowed that:

l. Engine 3 provided slightly less brake horsepowsr than engine 1
over the entire range of the ratlio of englne exhaust to inleb-
manifold pregsure Pe/Pr'n' At low values of Pé/Pm’ engine 3 pro-

vided less brake horsepower than engine 2; however, at higher values
of Do /Pm s engine 3 provided more power than engine 2.

2. Charge-alr flow, volumetric efficiency, and the ratio of
indicated mean effective pressure to inlet-manifold pressure d,
showed the same trend with p /pm as brake horsepower.

3. At crulse power, the compound power plant using engine 3
gave about 9 percent less thrust horsepower at about 4 percent
higher net thrust specific fuel consumption than that using engine 1
and about 6 percent less net thrust horsepower at about 4 percent
lower net thrust specific fuel consumption than the compound power
plant using engine 2 at the wvalues of Pq /pIn for maximum power,

4. At rated power, the compound power plant using engine 3
gave about 2 percent more net thrust horsepower at sbout 5 percent
lower net thrust specific fuel consumption than that using engine L
and about 6 percent less net thrust horsepower at about 2 percent
lower net thrust specific fuel consumption than the compound power
plant using engine 2 at the values of pe/pm for maximum power.

Flight Propulsion Research Laboratory,
Netional Advisory Committee for Aeronautics,
Cleveland, Ohio, January 20, 1948,
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